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Introduction

The Planetary Senior Review Pand met July 25-26, 2000, to review regquests from four
missions (DSL, Gdileo, MGS, NEAR) for funding within the FY01-FY 03 time frame. The
pand was carefully chosen to provide expertise over the scientific disciplines covered by the
four missons. The charge to the pand was to evauate the science merits - on a “ science per
dollar” basis- of the expected returns from the proposed programs during 2001 through 2003
within the context of the science goa's and objectives described in the Space Science Enterprise
Strategic Plan. As secondary evaludtion criteria, after science merit, the pane was charged with
assessng the cogt efficiency, technology development and dissemination, data collection,
archiving and digtribution and education/outreach aspects of each misson. Based on these
congderations, the pand was asked to recommend an implementation Srategy for SSE
extended missons that would indude a mix of: continuation of programs “as currently
basdined’; continuation of programs with ether enhancements or reductions to the basdine
misson extensons beyond the prime misson phase, subject to the “Misson Extenson
Paradigm”; or program terminations.

All four misson requests were respongive to the SSE Strategic Plan (1997) science god (6):
“Understand the nature and history of our Solar System, and what makes Earth smilar to and
different from its planetary neighbors.”

In generd, the proposas were well written, dthough the panel suggests that NASA request
more detailed budget information in future reviews o that a pane will have more ingght into
expenditures on the various tasks proposed. In particular, more breskdown between mission
operations and science data andysis would be useful.

With the exception of the Gdlileo project, the presenters ignored instructions about not repeating
details in the proposds, particularly past accomplishments.  In some cases this did not leave
adequate time for questions and answers.

The pand viewed the review process as worthwhile and will be interested to see if its
deliberations have any impact on the four programs. The format of the review process worked
well, and to complete the review process and write the summary report for the four missons
took nearly al of the two days of time dlotted. To evaduae more missions in this same time
frame will require that mission presentations be limited to questions and answers only.
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Priority Ranking of Missions

The pand ranked the future activities of the four missions on a “science per dollar” (i.e, vaue)
basis with the following results from highest to lowest: NEAR, MGS, Gdileo, DS1. On
absolute science done, the rankings were MGS, NEAR, Gdlileo, DSL.

The End-to-End Scientific Process

In addition to the discussion of priorities for the extended missions themsdlves, the panel wanted
to emphasize the importance of maintaining the integrity of the scientific process from end to
end. While the extended misson scenarios necessarily concentrate on data collection and
cdibration, careful attention aso needs to be paid to the underlying infrastructure whereby data
are eficiently archived and made readily accessble to the scientific community. In an era of
increesang numbers of missons, even the smdlest of which has the potentid to collect a large
volume of data, it is important to support the infrastructure in a manner commensurate with the
data collection and cdibration efforts. The god is to provide a high quality data product in a
user-friendly environment o that the archive becomes a viable source of discoveries and basic
research for many years to come. Severd pand members noted the successful archives and
archiva research programs maintained for astrophysics missons as well as sites creasted and
maintained by individud Pl teams, and felt that there might be potentid for adopting some of the
positive aspects of these programsinto the PDS.

The pand recommends that NASA review the status of PDS in light of the new era of multiple
missions with large data sets. NASA should ensure that PDS has.  sufficient funding and
adequate storage capacity to support the current data volume, consistency among different
ingrument teams in providing data to PDS; community standards such as a consstent header
format; an efficient vaidation and review process required before data can be ingested; user
friendly interfaces, and adequate user support.

Specific Misson Recommendations

Deep Space 1

The panel concluded that the proposed effort satisfies the SSE Strategic Plan (1997) Science
Objectives 16 and 19.

The misson team is requesting support for scientific observaions of comet Borrdly in
September 2001. Requested funding totals about $700K over the basdline guidance, and there
is approximately $6M in remaining mission costs. The bulk of the requested augmentation
would cover over-runs incurred during recovery from tracker system failure and switchover to
MICAS for optical navigeation.
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Scientific return a comet Borrdly may provide the firs multispectral image cube for a comet
nucleus, 25-m per pixel visble imaging, and ion flux and TOF mass spectroscopy for the coma.
These are vduable scientific returns and should be achieved if the spacecraft performs
nomindly. Technology demondration of auto-navigation will be severdy condrained to prevent
repeat of system failure at asteroid Braille. Fully testing the MICAS instrument during the flyby
is deemed important.

End of misson is planned for immediatdy after Borrelly encounter due to lack of hydrazine
atitude control fud. Fina burn of ion engine for technology vaidation may be desirable, but is
not supported under extended mission funding.

There was some concern about the potentia for scientific output from the misson due in part to
the fact that the spacecraft itself has a poor performance history and that future missons will
likely return congderably more robust data for smilar comets.  The pand recognizes that al
comet missions have inherent risk due to the dusty environment. The environmentd risk for
Deep Space 1 is acceptable.

Summary Recommendation:

The tota funding required to complete the DS-1 Borrdly flyby is rativdy modest, but
ggnificant concerns regarding the vaue of scientific observations a the comet dictate that no
further resources be alocated in the event of system failures or other anomalies.

Galileo

The panel concluded that the proposed effort satisfies the SSE Strategic Plan (1997) Science
Objectives 9,12, 16, and 19.

Gdileo is dearly avauable and unique scientific resource, but one that is very expensve. Inthe
context of limited resources for dl of NASA's planetary exploration program, it may not be
possible to afford the entire extended mission program as proposed by the Gdlileo project. The
review pand has therefore prioritized the eements of the proposed Galileo extended mission
with the understanding that higher priority items ddliver higher science value. The pand bdlieves
that atotal extended mission budget $6.5M less than the requested proposa should cover most
of the highest priority dements of the proposed program. NASA Headquarters should work
closely with the Galileo project to optimize the misson profile with these budgetary resources.

The pand’s prioritizetion for the Gdileo Millennium Misson (GMM) proposd’s science
dementsis

1. Cassni phase (G29).

2. Paticle and fidd science during high latitude flybys of 1o (131 and 132) and a low latitude
flyby (133).
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Imaging science during one high latitude flyby of 1o (131 or 132).
Particle and field science for the inner magnetosphere (A34).
Imaging science during a second high latitude flyby of 1o (132).
Imaging science for 10's Jupiter-facing side (133).

Imaging science for Cdlisto (C30).

Amalthea mass measurement (A34).

Amadtheaimaging (A34).

Priority Rationdization

1)

2)

3)

The highest priority science in the proposed GMM s the Cassini phase, including dl types
of science measurements. The proposed orbital design will permit coordinated observations
by the two spacecraft at two positions, one insde Jupiter’ s magnetosphere and one outside.
It will be possble to correlate conditions in the solar wind with one locd position in the
magnetosphere.  The complementary properties of the respective spacecraft infrared
instruments will result in spectra of the Great Red Spot and of a5 micron hot spot over a
much grester spectra range than would be possble with ether spacecraft, thereby
extending the vertica range of temperature sounding in these regions. It will be possible to
correlate dayside observations of anticyclonic regions in Jupiter’ s aamosphere with nightsde
lightning flashes, to improve the understanding of the production of lightning on Jupiter.
Coordinated multipectrd observations of Jupiter’s aurorae (dso including HST
observations) will be made. At the time when Cassini is closest to Jupiter, Gdileo’'s Dust
Detector Subsystem and Cassini’s Cosmic Dust Andyzer will make nearly smultaneous
observations at two points aong a magnetospheric dust stream originating at lo.

This well-designed period of diverse observations will certainly be a unique opportunity to
sudy a wide range of dynamic Jovian system phenomenain away that no sngle spacecraft
ever could.

The 131 and 132 encounters will fegture high latitude flybys of 1o. Together with the low
latitude flyby of 133, they will enable particle and field measurements of a potentid intringc
magnetic field. It is more difficult to separate induced and permanent magnetic fields a 1o
than it is for the other Gdilean satelites. The planned 1o flybys will occur a different
orientations of the Jovian dipole moment relaive to 1o, enhancing the possibility of detecting
an intrindc lo fiddd. Measurement of 10's intrindc fidd is important for understanding its
interna structure and dynamics.

Imaging lo at high latitudes has the potentid for determining new feetures of 10's remarkable
surface. However, due to the high cost of maintaining the capability for carrying out imaging
sequences, on a “science per dollar” bagis, it is not ranked as highly as the magnetic field
measurements.
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4) The termind phase of the misson (A34), which is atargeted impact on Jupiter, will provide
a unique opportunity to measure the charged particle environment and the radia variation of
Jupiter’ s magnetic fidd down to 1 R;, with the consequent capability of improving models of
Jupiter’s magnetic fidd, induding high order components. The science per dollar vaue is
very high because of the rdatively smple operations required.

5) Imaging 10's other polar region is of interest but, due to the high cost of continuing imaging
operations, it has alower “science per dollar” vaue.

6 and 7) Imaging 10's Jupiter-facing side at high resolution is another high cogt, high science
activity. The “science per dollar” value is not as high as for the other objectives. The same
is true for Cdlisto a C30, but of the two, 133 is ranked more highly on a “science per
dollar” basis.

8) The Amdthea mass measurement has a lower science value, because the achievable
accuracy may not be enough to produce a useful vaue of the density. However, the cost of
tracking Gdlileo as it flies by Amdthea, so that its gravitationd perturbation may be
measured, is low.

9) Imaging Amdthea is deemed lower priority than the mass measurements. The high cost of
mantaining remote sensing capability through the end of the misson coupled with the high
risk that the data may not be recovered gives this objective the lowest “ science per dollar”
value.

Mars Global Surveyor

The panel concluded that the proposed effort satisfies the SSE Strategic Plan (1997) Science
Objectives 13, 14, 18, and 19.

The Mars Globa Surveyor Mission has proposed to continue operations from February 1,
2001 to April 22, 2002 emphasizing @) continued mapping utilizing dl five MGS experiments, b)
an increase in the number of high resolution images for future landing Ste investigations dong
with supporting MOLA and TES data acquisition, and ¢) additiona spatid coverage by
MOLA, TES and MAG to reduce gaps in coverage. The in-guideline budget for this activity
consdts of termination of data acquisition on February 2, 2001, followed by quarantine orbit
and science data archiving. A “bare-bones’ operational scenario is proposed that includes
continuation of only nomina data acquisition (no landing Ste targeting) until April 22, 2002, and
only level 1 data products (noncalibrated) delivered to the PDS. The requested budget includes
full misson operations through April 22, 2002, nearly full funding for investigetors & ther
current mapping level, a smal increase for participating scientists, a “guest observer” program
including up to 15 scientists (at $20K each), and additiona off-nadir data acquisition for studies
of potentia landing Stes.
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The consensus of the reviewers was that the need for additional data of MGS qudity was well
justified in the context of future studies and planned missions, and that the spacecraft hedth was
apparently sufficient to alow these further observations to take place. (The proposed cycling of
the MOLA laser would alow additiona mapping gaps to be filled despite the reduced life of the
instrument.) Consequently, a termination (in-guideline) Strategy was not consdered a wise use
of NASA funding. [Subsequent to the pand meeting, plans for a lander mission for Mars '03
were announced. This further enhances the science return for the continued operation of the
MGS orbiter.]

The proposed ‘bare-bones scenario, to collect data and archive without calibration was
deemed completely unacceptable for severa reasons. It does not provide the options for
selection of specific targets for detailed study (needed for future landing Sites), nor does an
archive of uncdibrated data alow future investigations without a sgnificant expense for re-
condtituting the calibration files and implementing procedures necessary to make the data useful.

The pand supports the proposed work at the requested operationa leve to ensure acquisition,
processing and archiving of daa a the appropriate leved, but not with the particular mix of
additiona programs as outlined in the proposa. Specificaly:

The “guest observer” program is not well enough defined in the proposa to determine how
these individuas will be chosen, and the amount requested seems to be only for minimum
support of these outside investigators. The pand suggests that NASA HQ investigete a range
of methods to dlow the community to propose dtes for acquistion of data that supports
stientific invedtigations. The pand feds that implementing a method for community involvement
in choosing obsarving targets is more important than requiring associated funding for data
andyss. The pand notes that the data acquisition and processing for these sudiesisincluded in
the misson and science operations, so that another method of providing input to the misson for
targeting — a no or little cost to NASA — should not require additiona operationd funding.

Although the proposed benefit from off-nedir targeting is wel judtified, it should not be
undertaken without a thorough review of the trade-offs between fuel usage and the mapping
cgpabilities that nadir viewing dlowsfor filling in gaps (particularly near the equator). This mode
of operation should be used sparingly only to obtain data for areas where nadir imaging will not
be possible during the extended mission.

Because of the significant cost of the proposed operation budget, the pand notes that NASA
management could judtifiably request an additiond iteration on the budget and its impact on
operations and science. The pand suggedts that NASA request additiona detail regarding
funding to the science team and check that this is commensurate with the additiond
responsibilities of the extended misson. In particular, carrying the science operations and data
andysis funding a alevel comparable to that of the primary misson may not be judtified in the
present budget climate.
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With the exception of the magnetometer team, the instrument groups are doing an acceptable
job of data archiving within the context of the prime misson data release policy. During the
extended misson phase, the pand encourages the MGS project to speed up the data release
process ether through archiving data more quickly, archiving data in smdler time blocks, or a
combination of these two Srategies.

The pand wishes to note that Mdin Space Science Systems (MSSS) is presently providing
imaging data [Mars Orhiter Camera (MOC)] to the community in a scientificaly useful form
once it has been released. It is not clear what additional vaue the PDS adds during the one-
year vaidation period, but the PDS will ultimately provide a permanent archive for the MOC
data (as well the other data sets from the mission).

NEAR Shoemaker

The panel concluded that the proposed effort satisfies the SSE Strategic Plan (1997) Science
Objectives 16, 17, and 19.

The panel expressed its appreciation of the excellent data set that has been and is being
gathered by the NEAR misson and acknowledged that the misson’s current need for more
funding for archiving is driven by the fact that the misson has obtained much more data than
anticipated and data reduction is more intricate than anticipated. The added vaue of the
cdibration of the data prior to submittal to the PDS is substantial becauise the team members are
the most knowledgeable about the properties of the various data sets and the unique calibration
issues. The pand noted in particular the difficulty of registration of images and spectra for an
irregularly sheped object. It aso agreed that the XGRS data will improve with continued
observations and advocated that the misson should collect these data for as long as possible.
The requested $1.8M is appropriate in light of the large task ahead.

While acknowledging the excdlent data and the overwhelming data volume, the panel noted
that the NEAR mission to Eros has actudly produced twice as many images as both Viking
missions to Mars. While much of the data offer new views and details, some of the data are
repetitive in nature and just represent different spatial resolutions. The pand does not advocate
that the mission cease to collect and cdlibrate data but is concerned that the project may not be
able to complete dl of the proposed archiving tasks within the proposed budget and schedule.
Thus it would be prudent to prioritize the processing of imaging data, and the pand’s suggestion
is that the team focus first on the highest spatid resolution data and creste four specific data
products. 1) co-registered imaging and spectral data, 2) ephemeris, 3) high quality stereo pairs,
and 4) a mosaicked image of the complete body a a single resolution (eg., the USGS
Clementine product for the Moon). While the pand believes that dl imaging data should be
achived in the PDS in cdibrated form, it emphasizes that the greatest focus should be on the
highest resolution data.
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With the substantid volume of data that will be archived, the panel feds that it is crucid that a
catalogue of data, especidly imaging data, be created that accurately identifies the data subject
and gives a measure of the qudity. Otherwise, it will be very difficult for non-team members to
utilize the database in any efficient manner. The panel noted with some concern that the quantity
of datathat NEAR islikdy to archive will probably strain the PDS Small Bodiesnode. Thisisa

problem for NASA and the PDS, and it should not discourage the misson from its archiving
tasks.
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